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The (1:1:1) adduct hydrate of 8-hydroxy-7-iodoquinoline-5-sulfonic acid (Ferron) with 
urea
Graham Smith,a* Urs D. Wermutha and Peter C. Healyb
aSchool of Physical and Chemical Sciences, Queensland University of Technology, GPO Box 2434, BRISBANE, 4001, Australia, 
and bSchool of Science, Griffith University, NATHAN, 4111, Australia
Correspondence email: g.smith@qut.edu.au
The crystal structure of the (1:1:1) adduct hydrate of urea with Ferron (8-hydroxy-7-iodoquinoline-5-sulfonic 
acid), [(C9H5INO4S). (CH4N2O) . (H2O)] (I) shows the zwitterionic (quinoline-sulfonate group) Ferron molecule 
lying in a crystallographic mirror plane which mirrors two of the sulfonate oxygen atoms. Both the urea and the 
water molecules lie across the same plane and are inter-associated with the Ferron molecules both within and 
between the planes by extensive hydrogen bonding involving most available donor and acceptor sites on all three 
molecules. This includes a cyclic R22(8) sulfonate–urea association. The result is a three- dimensional layered 
structure.
Experimental
Crystal data
C9H6INO4S·CH4N2O·H2O V = 688.3 (4) Å3
Mr = 429.19 Z = 2
Monoclinic, P21/m Mo Kα radiation, λ = 0.71069 Å
a = 10.025 (3) Å µ = 2.51 mm−1
b = 7.335 (3) Å T = 298 K
c = 9.845 (3) Å 0.30 × 0.30 × 0.25 mm
β = 108.05 (2)°
Data collection
Rigaku rotating anode 
diffractometer 1637 reflections with I > 2σ(I)
Absorption correction: ψ scan 
TEXSAN for Windows (Molecular Structure 
Corporation, 1999)
Rint = 0.029
Tmin = 0.485, Tmax = 0.534 3 standard reflections every 150 reflections
1898 measured reflections intensity decay: 1.4%
1698 independent reflections
Refinement
R[F2 > 2σ(F2)] = 0.027 0 restraints
wR(F2) = 0.087 H atoms treated by a mixture of independent and constrained refinement
S = 0.89 Δρmax = 1.16 e Å−3
1698 reflections Δρmin = −1.34 e Å−3
141 parameters
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Table 1
Hydrogen-bond geometry (Å, º)
D—H···A D—H H···A D···A D—H···A
N1—H1···O8 0.95 (3) 2.25 (3) 2.628 (5) 103 (2)
N1—H1···O21ii 0.95 (3) 1.79 (3) 2.684 (4) 155 (4)
N1—H1···O21iii 0.95 (3) 1.79 (3) 2.684 (4) 155 (4)
O1W—H1W···O52 0.86 (4) 2.03 (4) 2.823 (3) 153 (4)
O8—H8···I7 0.98 (7) 2.74 (6) 3.382 (3) 124 (4)
O8—H8···O1Wii 0.98 (7) 1.79 (7) 2.565 (5) 133 (5)
O8—H8···O1Wiii 0.98 (7) 1.79 (7) 2.565 (5) 133 (5)
N11—H11A···O52 0.86 (3) 2.30 (3) 3.124 (3) 161 (3)
N11—H11B···O21 0.96 (4) 2.11 (4) 3.042 (3) 163 (3)
C2—H2···O51iv 0.95 2.28 3.231 (5) 178
C2—H2···O51v 0.95 2.28 3.231 (5) 178
C3—H3···O1Wiv 0.95 2.46 3.304 (5) 147
C3—H3···O1W 0.95 2.46 3.304 (5) 147
C4—H4···O52 0.95 2.60 3.145 (4) 117
C4—H4···O52i 0.95 2.60 3.145 (4) 117
C6—H6···O51 0.95 2.44 2.865 (4) 107
Symmetry codes: (i) x, −y+1/2, z; (ii) x+1, y, z+1; (iii) x+1, −y+1/2, z+1; (iv) x, y, z+1; (v) x, −y+1/2, z+1.
 
Data collection: MSC/AFC Diffractometer Control System (Molecular Structure Corporation, 1999); cell 
refinement: MSC/AFC Diffractometer Control System (Molecular Structure Corporation, 1999); data reduction: 
TEXSAN for Windows (Molecular Structure Corporation, 1999); program(s) used to solve structure: SHELXS 97 
(Sheldrick, 1997); program(s) used to refine structure: SHELXL 97 (Sheldrick, 1997); molecular graphics: 
PLATON for Windows (Spek, 1999); software used to prepare material for publication: PLATON for Windows 
(Spek, 1999).
The authors acknowledge financial support from The School of Physical and Chemical Sciences of the 
Queensland University of Technology and Griffith University.
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The (1:1:1) adduct hydrate of 8-hydroxy-7-iodoquinoline-5-sulfonic acid (Ferron) with 
urea
Graham Smith,* Urs D. Wermuth and Peter C. Healy
Comment
Ferron (8-hydroxy-7-iodoquinoline-5-sulfonic acid) is a bidentate complexing agent which has analytical 
applications as a selective colour reagent for the detection of iron(III) but not iron(II) (Vogel, 1964). The crystal 
structure of Ferron (Merritt & Duffin, 1970; Balasubramanian & Muthiah, 1996) has shown the molecule to exist 
as a sulfonate-quinolinium zwitterion. Because of the acidity of the sulfonic acid group Ferron is capable of 
protonating most Lewis bases, but the crystal structures of only a small number of such proton-transfer 
compounds have been reported. With 4,4i-bipyridine (Hemamalini et al., 2004) a monoprotonated 1:1 dihydrate 
is formed whereas with guanidine carbonate, the base is sufficiently strong to give the dianionic Ferron species in 
the monohydrate compound [2(gu+)(Ferron2-). H2O]n (Smith et al., 2003). We have been interested in the urea 
adducts of carboxylic acids and have determined a number of structures of such compounds, particularly with the 
stronger nitro-substituted aromatic acids (Smith et al., 1997). However, there is an paucity of structural data on 
similar adducts with the sulfonic acids in the crystallographic literature. The large crystals of the title compound, 
the adduct [(C9H6INO4S) (CH4N2O) . H2O] (I), obtained from the combination of Ferron with urea in 1:1 
ethanlo/water were therefore atypical among the attempted co-crystallizations of a number of aromatic sulfonic 
acid-urea adducts. The crystal structure determination of (I) has confirmed the presence of zwitterionic Ferron 
molecules which lie in the crystallographic mirror planes at y = 1/4, 3/4 with two oxygen atoms of the non-planar 
sulfonate group [O52, O52v : symmetry code: (v) x, 1/2 - y, z] above and below the plane (Fig. 1). The sulfonate-
quinoline group zwitterion is similar to that found in the structure of the parent Ferron molecule (Merritt & 
Duffin, 1970; Balasubramanian & Muthiah, 1996). Other common intramolecular structural features of the 
Ferron molecule [present also in the proton-transfer compound with 8-hydroxyquinoline (Smith et al., 2004)] are 
also seen in (I): the N1—H1···O8 hydrogen bond [2.628 (5) Å]; the C6—H6···O51 hydrogen bond [2.865 (4) Å] 
and the O8—H8···I7 association [3.382 (3) Å]. The urea and water molecules both lie across the mirror planes 
and are inter- linked by hydrogen bonds to the Ferron molecule both within and between the planes through most 
available donor and acceptor atoms (Table 1) (Figs. 2, 3). The zwitterionic N+—H group of Ferron forms strong 
symmetrical hydrogen bonds to urea-O acceptors [N1—H1···O21i, ii, 2.684 (4) Å] while the 8-hydroxy group is 
linked to two mirror-related water molecules [O8—H8···O1Wi, ii, 2.565 Å; symmetry code: (i) 1 + x, y, 1 + z; (ii) 
1 + x, 1/2 - y, 1 + z]. . The urea molecule also forms cyclic R22(8) hydrogen-bonding associations with two 
sulfonate oxygen atoms [N11—H11A··· O52; N11v—H11Av···O52v, 3.124 (3) Å], a feature common among the 
urea-carboxylic acid adducts (Smith et al., 1997). The result is a three-dimensional layered structure.
Experimental
The synthesis of the title compound was carried out by heating under reflux for 10 min, a solution containing 1 
mmol of 8-hydroxy-7-iodo- quinoline-5-sulfonic acid (Ferron) and 1 mmol of urea in 50 mL of 50% 
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ethanol/water. After concentration to ca. 40 mL, partial room temperature evaporation of the hot-filtered solution 
gave large yellow flat prisms, m. pt. 502.1–503.3 K.
Refinement
Hydrogen atoms involved in hydrogen-bonding interactions (H1, H8, H11A, H11B, H1W), were located by 
difference methods and their positional and isotropic thermal parameters were refined. Others were included in 
the refinement as riding models. A large difference-electron density peak (1.16 e Å-3) was adjacent to the iodine 
substituent of Ferron (I7).
(673gs01_FERRUR)
Crystal data
C9H6INO4S·CH4N2O·H2O F(000) = 420
Mr = 429.19 Dx = 2.071 Mg m−3
Monoclinic, P21/m Melting point: 502.1–503.3 K
Hall symbol: -P 2yb Mo Kα radiation, λ = 0.71069 Å
a = 10.025 (3) Å Cell parameters from 25 reflections
b = 7.335 (3) Å θ = 12.5–16.9°
c = 9.845 (3) Å µ = 2.51 mm−1
β = 108.05 (2)° T = 298 K
V = 688.3 (4) Å3 Block, Yellow
Z = 2 0.30 × 0.30 × 0.25 mm
Data collection
Rigaku rotating anode 
diffractometer 1637 reflections with I > 2σ(I)
Radiation source: Rigaku AFC 7R Rint = 0.029
graphite θmax = 27.5°, θmin = 2.5°
ω–2θ scans h = −5→13
Absorption correction: ψ scan 
TEXSAN for Windows (Molecular Structure 
Corporation, 1999)
k = 0→9
Tmin = 0.485, Tmax = 0.534 l = −12→12
1898 measured reflections 3 standard reflections every 150 reflections
1698 independent reflections intensity decay: 1.4%
Refinement
Refinement on F2 Secondary atom site location: Difference Fourier map
Least-squares matrix: Full Hydrogen site location: Inferred from neighbouring sites
R[F2 > 2σ(F2)] = 0.027 H atoms treated by a mixture of independent and constrained refinement
wR(F2) = 0.087 w = 1/[σ
2(Fo2) + (0.1P)2 + 0.4367P] 
where P = (Fo2 + 2Fc2)/3
S = 0.89 (Δ/σ)max = 0.012
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1698 reflections Δρmax = 1.16 e Å−3
141 parameters Δρmin = −1.34 e Å−3
0 restraints Extinction correction: SHELXL 97 (Sheldrick, 1997), Fc*=kFc[1+0.001xFc2λ3/sin(2θ)]-1/4
Primary atom site location: Structure-invariant direct 
methods Extinction coefficient: 0.115 (6)
Special details
Geometry. Bond distances, angles etc. have been calculated using the rounded fractional coordinates. All esds are estimated from the 
variances of the (full) variance-covariance matrix. The cell esds are taken into account in the estimation of distances, angles and torsion 
angles
Refinement. Refinement of F2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F2, conventional R-
factors R are based on F, with F set to zero for negative F2. The threshold expression of F2 > 2sigma(F2) is used only for calculating R-
factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F2 are statistically about twice as large as 
those based on F, and R- factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2)
x y z Uiso*/Ueq
I7 1.18718 (2) 0.250000 0.40545 (2) 0.0305 (1)
S5 0.59432 (8) 0.250000 0.15406 (8) 0.0195 (2)
O8 1.0727 (3) 0.250000 0.6945 (3) 0.0383 (9)
O51 0.6558 (3) 0.250000 0.0395 (3) 0.0300 (7)
O52 0.5141 (2) 0.4139 (3) 0.16091 (19) 0.0299 (5)
N1 0.8145 (3) 0.250000 0.7066 (3) 0.0236 (8)
C2 0.6901 (4) 0.250000 0.7238 (4) 0.0323 (10)
C3 0.5689 (4) 0.250000 0.6052 (4) 0.0397 (13)
C4 0.5820 (4) 0.250000 0.4701 (4) 0.0319 (10)
C5 0.7383 (3) 0.250000 0.3150 (3) 0.0191 (8)
C6 0.8731 (4) 0.250000 0.3091 (3) 0.0217 (8)
C7 0.9898 (3) 0.250000 0.4326 (3) 0.0200 (8)
C8 0.9737 (3) 0.250000 0.5674 (3) 0.0208 (8)
C9 0.8336 (4) 0.250000 0.5746 (3) 0.0202 (8)
C10 0.7151 (3) 0.250000 0.4501 (3) 0.0205 (8)
O21 1.0156 (3) 0.750000 0.0224 (3) 0.0254 (7)
N11 0.8122 (2) 0.5932 (3) −0.0289 (2) 0.0308 (6)
C21 0.8843 (4) 0.750000 −0.0098 (3) 0.0229 (8)
O1W 0.6583 (3) 0.750000 0.2130 (4) 0.0366 (9)
H1 0.895 (4) 0.250000 0.789 (3) 0.038 (3)*
H2 0.682000 0.250000 0.817700 0.0390*
H3 0.478300 0.250000 0.617800 0.0480*
H4 0.500200 0.250000 0.389800 0.0390*
H6 0.887500 0.250000 0.218200 0.0260*
H8 1.163 (7) 0.250000 0.675 (6) 0.044 (10)*
H11A 0.723 (3) 0.590 (3) −0.044 (3) 0.039 (4)*
H11B 0.867 (4) 0.483 (5) −0.007 (3) 0.036 (9)*
H1W 0.595 (4) 0.670 (6) 0.176 (4) 0.049 (11)*
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Atomic displacement parameters (Å2)
U11 U22 U33 U12 U13 U23
I7 0.0180 (2) 0.0458 (2) 0.0292 (2) 0.0000 0.0095 (1) 0.0000
S5 0.0173 (4) 0.0257 (4) 0.0127 (4) 0.0000 0.0006 (3) 0.0000
O8 0.0175 (12) 0.077 (2) 0.0164 (11) 0.0000 −0.0008 (10) 0.0000
O51 0.0299 (13) 0.0468 (14) 0.0123 (10) 0.0000 0.0049 (9) 0.0000
O52 0.0241 (8) 0.0323 (8) 0.0282 (8) 0.0086 (7) 0.0005 (7) 0.0012 (7)
N1 0.0199 (14) 0.0393 (14) 0.0108 (11) 0.0000 0.0038 (10) 0.0000
C2 0.0266 (19) 0.055 (2) 0.0158 (15) 0.0000 0.0075 (14) 0.0000
C3 0.0175 (16) 0.081 (3) 0.0224 (17) 0.0000 0.0088 (14) 0.0000
C4 0.0164 (17) 0.061 (2) 0.0185 (15) 0.0000 0.0056 (13) 0.0000
C5 0.0172 (15) 0.0252 (13) 0.0135 (13) 0.0000 0.0028 (11) 0.0000
C6 0.0175 (15) 0.0313 (14) 0.0160 (12) 0.0000 0.0046 (11) 0.0000
C7 0.0122 (14) 0.0310 (15) 0.0175 (13) 0.0000 0.0057 (11) 0.0000
C8 0.0180 (15) 0.0288 (14) 0.0144 (13) 0.0000 0.0034 (11) 0.0000
C9 0.0181 (14) 0.0285 (14) 0.0121 (13) 0.0000 0.0017 (11) 0.0000
C10 0.0161 (14) 0.0280 (14) 0.0162 (13) 0.0000 0.0034 (11) 0.0000
O21 0.0178 (13) 0.0334 (12) 0.0208 (11) 0.0000 0.0000 (9) 0.0000
N11 0.0206 (10) 0.0299 (10) 0.0419 (12) −0.0040 (8) 0.0095 (9) −0.0036 (9)
C21 0.0219 (16) 0.0288 (14) 0.0160 (13) 0.0000 0.0029 (11) 0.0000
O1W 0.0205 (14) 0.0383 (14) 0.0456 (17) 0.0000 0.0023 (12) 0.0000
Geometric parameters (Å, º)
I7—C7 2.077 (3) C2—C3 1.400 (6)
S5—O51 1.443 (3) C3—C4 1.376 (5)
S5—O52 1.460 (2) C4—C10 1.408 (5)
S5—C5 1.782 (3) C5—C10 1.419 (4)
O8—C8 1.335 (4) C5—C6 1.370 (5)
O8—H8 0.98 (7) C6—C7 1.402 (4)
O21—C21 1.255 (5) C7—C8 1.386 (4)
O1W—H1W 0.86 (4) C8—C9 1.428 (5)
N1—C2 1.310 (5) C9—C10 1.418 (4)
N1—C9 1.371 (4) C2—H2 0.95
N1—H1 0.95 (3) C3—H3 0.95
N11—C21 1.340 (3) C4—H4 0.95
N11—H11A 0.86 (3) C6—H6 0.95
N11—H11B 0.96 (4)
O51—S5—O52 114.27 (10) I7—C7—C8 121.4 (2)
O51—S5—C5 105.69 (16) I7—C7—C6 117.4 (2)
O51—S5—O52i 114.27 (10) O8—C8—C7 128.6 (3)
O52—S5—C5 105.37 (10) C7—C8—C9 117.1 (3)
O52—S5—O52i 110.91 (13) O8—C8—C9 114.2 (3)
O52i—S5—C5 105.37 (10) C8—C9—C10 122.0 (3)
C8—O8—H8 106 (3) N1—C9—C10 119.6 (3)
H1W—O1W—H1Wi 86 (4) N1—C9—C8 118.4 (3)
C2—N1—C9 122.7 (3) C4—C10—C9 117.1 (3)
C9—N1—H1 119 (2) C5—C10—C9 118.2 (3)
C2—N1—H1 119 (2) C4—C10—C5 124.7 (3)
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C21—N11—H11B 116 (2) C3—C2—H2 120
C21—N11—H11A 122.3 (15) N1—C2—H2 120
H11A—N11—H11B 120 (3) C2—C3—H3 120
N1—C2—C3 120.5 (3) C4—C3—H3 120
C2—C3—C4 119.2 (4) C3—C4—H4 119
C3—C4—C10 120.9 (3) C10—C4—H4 120
C6—C5—C10 119.3 (3) C5—C6—H6 119
S5—C5—C10 120.7 (2) C7—C6—H6 119
S5—C5—C6 120.0 (2) O21—C21—N11i 120.89 (18)
C5—C6—C7 122.1 (3) N11—C21—N11i 118.2 (3)
C6—C7—C8 121.1 (3) O21—C21—N11 120.89 (18)
O51—S5—C5—C6 0.00 (2) S5—C5—C10—C4 0.00 (2)
O51—S5—C5—C10 180.00 (2) C5—C6—C7—I7 180.00 (2)
O52—S5—C5—C6 −121.32 (10) C5—C6—C7—C8 0.00 (2)
O52—S5—C5—C10 58.68 (10) C6—C7—C8—C9 0.00 (2)
C2—N1—C9—C8 180.00 (2) C6—C7—C8—O8 180.00 (2)
C9—N1—C2—C3 0.00 (2) I7—C7—C8—O8 0.00 (2)
C2—N1—C9—C10 0.00 (2) I7—C7—C8—C9 180.00 (2)
N1—C2—C3—C4 0.00 (2) C7—C8—C9—N1 180.00 (2)
C2—C3—C4—C10 0.00 (2) O8—C8—C9—C10 180.00 (2)
C3—C4—C10—C9 0.00 (2) C7—C8—C9—C10 0.00 (2)
C3—C4—C10—C5 180.00 (2) O8—C8—C9—N1 0.00 (2)
S5—C5—C6—C7 180.00 (2) N1—C9—C10—C4 0.00 (2)
C10—C5—C6—C7 0.00 (2) N1—C9—C10—C5 180.00 (2)
C6—C5—C10—C9 0.00 (2) C8—C9—C10—C4 180.00 (2)
S5—C5—C10—C9 180.00 (2) C8—C9—C10—C5 0.00 (2)
C6—C5—C10—C4 180.00 (2)
Symmetry code: (i) x, −y+1/2, z.
Hydrogen-bond geometry (Å, º)
D—H···A D—H H···A D···A D—H···A
N1—H1···O8 0.95 (3) 2.25 (3) 2.628 (5) 103 (2)
N1—H1···O21ii 0.95 (3) 1.79 (3) 2.684 (4) 155 (4)
N1—H1···O21iii 0.95 (3) 1.79 (3) 2.684 (4) 155 (4)
O1W—H1W···O52 0.86 (4) 2.03 (4) 2.823 (3) 153 (4)
O8—H8···I7 0.98 (7) 2.74 (6) 3.382 (3) 124 (4)
O8—H8···O1Wii 0.98 (7) 1.79 (7) 2.565 (5) 133 (5)
O8—H8···O1Wiii 0.98 (7) 1.79 (7) 2.565 (5) 133 (5)
N11—H11A···O52 0.86 (3) 2.30 (3) 3.124 (3) 161 (3)
N11—H11B···O21 0.96 (4) 2.11 (4) 3.042 (3) 163 (3)
C2—H2···O51iv 0.95 2.28 3.231 (5) 178
C2—H2···O51v 0.95 2.28 3.231 (5) 178
C3—H3···O1Wiv 0.95 2.46 3.304 (5) 147
C3—H3···O1W 0.95 2.46 3.304 (5) 147
C4—H4···O52 0.95 2.60 3.145 (4) 117
C4—H4···O52i 0.95 2.60 3.145 (4) 117
C6—H6···O51 0.95 2.44 2.865 (4) 107
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Symmetry codes: (i) x, −y+1/2, z; (ii) x+1, y, z+1; (iii) x+1, −y+1/2, z+1; (iv) x, y, z+1; (v) x, −y+1/2, z+1.
Figure 1
Fig. 1. Molecular configuration and atom naming scheme for the individual cation, anion and water species in (I) 
with non-hydrogen atoms shown as 40% probability ellipsoids
Figure 2
Fig. 2. Perspective view of the packing in the unit cell viewed down b, showing hydrogen-bonding associations 
as broken lines.
